DNA sequence analysis of the genome of the Smith strain of murine cytomegalovirus (MCMV) revealed an open reading frame (ORF) with amino acid sequence identity to glycoprotein L (gL) of other herpesviruses. The ORF is 822 bp in size and has the capacity to encode a protein of 274 amino acids. It has significant identity with the gL genes of human CMV and human herpesvirus 6. The coding sequence of the gL gene of MCMV strain K181 was also determined, and expressed in Eseheriehia eoli as a fusion protein with glutathione Stransferase using the pGEX expression system. Two antibody-binding regions were identified on the basis of the reactivity of a series of truncated gL constructs with anti-MCMV antibodies. One was mapped to residues 1 to 38 and the other between residues 230 and 274. Polyclonal antibodies specific to gL were raised against the full-length gL fusion protein. The antisera were shown to react with a 46K protein present in purified virions by Western blotting. Treatment of purified virions with endoglycosidase-H or -F resulted in reductions in M r of the 46K species to 42K and 31K, respectively. The antisera did not exhibit any neutralizing activity in a plaque reduction assay.
Human cytomegalovirus (HCMV), a ubiquitous but opportunistic pathogen, has the largest genome of the herpesvirus family with a capacity to code for more than 200 proteins based on the number of predicted open reading frames (ORF) (Chee et al., 1990) . A total of 54 ORFs have been identified that have the potential to encode polypeptides with characteristics of transmembrane or secreted glycoproteins (Chee et al., 1990) . Of these, only four ORFs encoding the glycoproteins gB, gH, gL, and gM are conserved in all herpesviruses. In HCMV, gB forms glycoprotein complex I (gcI) that contains disulphide-linked molecules of 58K and 116K (Britt et al., 1990; Cranage et al., 1986; Gretch et al., 1988) . gH is a constituent of glycoprotein complex III (gcIII), and is involved in binding to a host cell receptor and the process of viral entry (Cranage et al., 1988; Gretch et al., 1988; Keay & Baldwin, 1991; t Present address: Department of Microbiology, University of Western Australia, Queen Elizabeth II Medical Centre, Nedlands, Western Australia, 6009, Australia.
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The nucleotide sequences reported in this paper have been deposited with the EMBL/Genbank data libraries under accession numbers L32962 and L32963. 1989). Both gB and gH are targets for neutralizing antibodies and are thus thought to be essential for viral infectivity. All these findings point to the potential of gB and gH as candidates for inclusion in a subunit vaccine (Rasmussen, 1990) . Recently, gL has been shown to serve as a chaperone molecule for the correct folding and surface expression of gH (Forghani et al., 1994; Hutchinson et al., 1992; Kaye et al., 1992; Liu et al., 1993a and b; Spaete et al., 1993) .
Because of the strict species specificity of cytomegaloviruses, the infection of mice with murine CMV (MCMV) has been exploited as a model for HCMV to facilitate the investigation of CMV-host interactions and CMV pathogenesis and biology (Hudson, 1979) . In MCMV, three groups of envelope glycoproteins have been identified using monoclonal antibodies. These include the major envelope glycoprotein complex of gp52, gpl05 and gp 150 (Loh et al., 1988) , and two other glycoproteins gp87 and gp24 (Loh & Qualtiere, 1988; Lob, 1989) . All these glycoproteins appear to be targets for neutralizing monoclonal antibodies (Loh et at., 1988; Loh & Qualtiere, 1988; Loh, 1989) 
CGCATGTGTAC CAT CTACCCCGAG gp52/105/150 is encoded by the gB gene (Rapp et al., 1992) , and that the gp87 molecule is encoded by the gH gene (Rapp et al., 1994; Xu et al., 1992 Xu et al., , 1994 . In this report, we describe the identification, sequencing and expression of the gL gene of MCMV. In addition, we describe the mapping of antibody-binding regions on gL and the characterization of the gL molecules present in MCMV virions.
An 822 bp ORF encoding gL of the Smith strain of MCMV was identified in the course of the complete sequence analysis of the MCMV genome. It resides within the Hind III F fragment, and a map of the corresponding genomic region is shown in Fig. 1 (a) . Three putative TATA boxes reside upstream from the initiation site of the gL ORF at positions 88, 86 and 84 (Fig. 1 b) . The closest potential polyadenylation sequence ATTAAA lies 840 bp downstream from the stop codon of the gL ORF. For the purpose of comparison, the coding sequence of the K181 strain of the gL gene of MCMV was also determined. Plasmid pFPP, which contains the entire gL sequence, was constructed by cloning a 2.0 kb PstI subfragment from the K181 strain Hind III F fragment into Bluescript (Stratagene). The region spanning the gL ORF was further subcloned and sequenced using the dideoxynucleotide chain termination method on a Model 373A DNA sequencer (Applied Biosystems). Comparison of the sequences from both strains revealed two nucleotide substitutions. The gL ORF of K181 has a G instead of an A at position 435 and a C instead of an A at position 646. Neither substitution leads to a change in the predicted amino acid sequence. All the subsequent analyses were carried out using the K181 strain, which is routinely used in this laboratory for studies of MCMV pathogenesis. The gL ORF encodes a protein of 274 amino acids with a predicted M r of 31.2K (Fig. l b) . It exhibits properties characteristic of a transmembrane glycoprotein (Schlesinger & Schlesinger, 1987) . There are five potential sites for N-linked glycosylation (NXT/S), a strongly hydrophobic sequence spanning residues 1 to 12 at the N-terminal that may serve as a signal sequence, and a C-terminal charged sequence. Analysis of the hydrophilicity profile (data not shown) supports the presence of an N-terminal signal sequence.
The MCMV gL homologue shows strong identity with gL of HCMV (optimized score of 386) and with gL of human herpesvirus 6 (HHV-6; optimized score of 237), but lacks identity with gL of herpes simplex virus 1 (HSV-1). An alignment of the amino acid sequence of the MCMV gL homologue with those of HCMV and HHV-6 showed that the regions of strongest identity are restricted to the central region of the gL molecule (Fig.  2) . In addition, three cysteine residues are conserved in the amino acid sequence of gL among MCMV, HCMV and HHV-6. These results suggest that the gL homologue of MCMV is more closely related to those of betaherpesviruses than those of alphaherpesviruses. The position of the MCMV gL homologue in relation to the DNA polymerase, gB, and gH homologues is the same as that of HCMV (Rapp et al., 1992; Elliott et al., 1991; Xu et al., 1992; Chee et al., 1990) . Moreover, these homologues are laid out in the same transcriptional orientation in both viruses. The identification of the MCMV gL homologue provides further evidence for conservation of the gene order between MCMV and HCMV.
To identify antibody-binding sites, MCMV gL of the K181 strain was expressed in Escherichia coli using the pGEX vector system as described previously (Smith & Johnson, 1988) . A full-length gL clone, and a set of eight overlapping subfragments were generated by digesting plasmid pFPP with appropriate restriction enzymes and subcloning into the appropriate pGEX vector. The fulllength gL clone (residues 1 to 274), and fragments NA (residues 1 to 38), NS (residues 1 to 97), AA (residues 38 to 274), AS (residues 38 to 97), and NA2 (residues 230 to 274) were inserted into pGEX-2T, and PP (residues 110 to 274), and PN (residues 110 to 230) were cloned into pGEX-3X. For the ease of plasmid construction, the fulllength gL clone, and NA and NS also contain 43 bp of non-coding sequence upstream from the initiation site with the ORF. Fragment NN, which contains only the 43 bp of non-coding sequence upstream from the initiation site, was expressed in the same reading frame as that of the gL, NA and NS constructs by cloning into pGEX-2T. This construct serves as an additional negative control. The correct insertion of DNA fragments was verified by determining the nucleotide sequence at the insertion point using a dsDNA cycle sequencing kit (Gibco BRL) according to the manufacturer's instructions. Following induction of E. coli cultures transformed with each construct by incubation with IPTG, whole cell lysates were analysed on Coomassie brilliant blue-stained SDS-PAGE gels. This showed that all fusion proteins were stably expressed in E. coli XLl-blue to a high level (data not shown). The fusion proteins were insoluble, and could only be partially purified (Fig. 3a) (Urban et al., 1992) . There was a good correlation between the predicted and observed MrS of the fusion proteins.
Hyperimmune, anti-MCMV serum was raised against MCMV in BALB/c mice as previously described (Farrell & Shellam, 1990) . The hyperimmune serum showed reactivity with the full-length gL fusion protein in Western blot analysis (Fig, 3 b) . The location of regions of antibody-binding within gL were mapped using the set of eight truncated gL clones. Fusion proteins NA, NS, AA, PP, and NA2 showed reactivity with hyperimmune serum, whereas glutathione S-transferase (GST) alone, and fusion proteins AS, NN, and PN did not (Fig. 3 b) . Normal mouse serum did not show any reactivity with the fusion proteins (data not shown). The results indicate that antibodies to MCMV gL are present in sera from MCMV-infected mice and that the antibody-binding sites can be localized to two regions, one spanning residues 1 to 38 and the other between residues 230 and 274. These results are consistent with the notion that antigenic determinants are frequently located at the amino and carboxyl termini because of their predominant surface exposure (Van Regenmortel, 1986) . However, because gL and truncated gL were expressed in a prokaryotic host, these antibody-binding regions may not fully reflect the antigenic properties of gL, and the presence of conformation-dependent epitopes on the native molecule can not be excluded.
To produce a polyclonal antiserum to the MCMV gL homologue, the full-length gL fusion protein was subjected to further purification by electroelution from SDS-PAGE gels. Gel-purified gL, which contained minimal levels of contaminating cellular components (data not shown), was used as an antigen for the immunization of mice. In brief, 50 gg of gL fusion protein were dissolved in PBS, emulsified with 1 mg of aluminium hydroxide, and injected i.p. into 8-week-old female inbred BALB/c mice (obtained from the Animal Resources Centre, Murdoch, Western Australia). The mice were boosted twice at 3 week intervals with 20 gg of the fusion protein and bled 1 week after the final injection, and anti-sera were pooled. The anti-gL antiserum did not neutralize MCMV in a plaque reduction assay either in the presence or absence of rabbit complement. Hyperimmune serum to MCMV was included for comparison in the neutralization assay and it gave a 50 % reduction in plaques at a dilution of 1 : 320 in the absence of rabbit complement and at 1:2560 in the presence of complement. These results indicate that antisera to gL expressed in E. colt lack neutralizing activity in vitro. It is unknown whether antibodies against native MCMV gL are neutralizing.
To further characterize the gL molecule of MCMV, virions purified according to the method of Kim et al. (1976) were boiled in SDS PAGE loading buffer, and the proteins separated by SDS PAGE. Western blotting was then performed using either hyperimmune serum or antigL antiserum at a 1:50 dilution. The anti-gL antiserum reacted with a single 46K polypeptide species (Fig. 4,  lane 2) . Normal mouse serum and anti-GST antiserum did not show reactivity with any purified virion proteins (data not shown). These results demonstrate that MCMV gL is a 46K structural component of the virion. A 46K polypeptide has been described previously by immunoprecipitation with a monoclonal antibody to gH (Loh & Qualtiere, 1988; Rapp el al., 1994) , and it is likely that this 46K protein is gL. The pattern of protein bands recognized in MCMV virions by hyperimmune serum is shown in Fig. 4 (lane 1) . The reactivity of hyperimmune serum to the 46K MCMV polypeptide was fairly weak compared with the reactivity to other MCMV virion proteins. This result suggests that gL might not be a major component of the virion, or alternatively, that the level of anti-gL antibody present in hyperimmune serum is relatively low.
To examine the nature of the glycosylation of gL, purified virions were either digested with endoglycosidase H (endo-H) or endoglycosidase F (endo-F) according to the manufacturers' instructions (Boehringer Mannheim). The digested virion proteins were boiled in SDS-PAGE loading buffer and separated by SDS-PAGE. Western blotting was then performed using the anti-gL antiserum. The endo-F treatment reduced the size of gL to 31K (Fig.  4, lane 3) , and the treatment with endo-H decreased the M r to approximately 42K (Fig. 4, lane 4) . Thus gL molecules are glycosylated and contain N-linked hybrid sugars. The complete removal of the carbohydrate side chains of the 46K gL polypeptide by endo-F treatment resulted in a reduction of M,. to approximately 31K, which is in agreement with the predicted Mr of 31K based on its putative amino acid sequence. In contrast, the HCMV gL and HHV-6 gL homologues appeared as 32K proteins in infected cells (Spaete et al., 1993; Liu et al., 1993 a) , which are similar to their predicted M r based on primary amino acid sequence (Chee et al., 1990; Liu et al., 1993b) . These results suggest that the MCMV gL homologue is more highly glycosylated than those of HCMV and HHV-6. The discrepancy can probably be attributed to the fact that MCMV gL possesses five Nlinked glycosylation sites whereas gL of HCMV and HHV-6 contains only one. It remains to be seen in what way the degree of gL glycosylation might be attributed to its physical interaction with gH and the global conformation of the gL and gH complex. Studies to co-express gH and gL of MCMV in recombinant baculovirus infected cells are currently in progress.
The role of MCMV gL in virus infection is unknown. However, gL from other herpesviruses was found to form a non-covalent complex with gH, and the coexpression of gL and gH is essential for the normal folding, post-translational processing, and intracellular transportation of both gH and gL (Hutchinson et al., 1992; Kaye et al., 1992; Liu et al., 1993a and b; Spaete et al., 1993) . HSV-1 gL has been found to be essential for virus replication (Roop et al., 1993) . The conservation of gL among all members of herpesvirus family points to a conserved function. The identification of the MCMV gL ORF and the production of antisera to gL will facilitate further investigation of this important glycoprotein.
